Crossed immunoelectrophoresis of Triton X-100-solubilized plasma membranes of Micrococcus lysodeikticus established the presence of 27 discrete antigens. Individual antigens were identified as membrane components possessing enzyme activity by zymogram staining procedures and by reactivity of certain antigens with a selection of four lectins in the crossed-immunoelectrophoresis (immunoaffinoelectrophoresis) system. Absorption experiments with intact, stable protoplasts and isolated membranes established the asymmetric nature of the M. lysodeikticus plasma membranes. Of the 14 antigens with determinants accessible solely on the cytoplasmic face of the membrane, four possessed individual dehydrogenase activities, and a fifth was identifiable as a component possessing adenosine triphosphatase (EC 3.6.1.3) activity. Evidence from absorption studies with isolated membranes suggested that antigens such as the adenosine triphosphatase complex were more readily accessible to reaction with antibodies than was succinate dehydrogenase (EC 1.3.99.1), for example. Twelve antigens were located on the protoplast surface as determined by antibody absorption, and the succinylated lipomannan was identified as a major antigen. At least five other antigens possessed sugar residues that interacted with concanavalin A. With the antisera generated to isolated membranes, there was no evidence suggesting that any of these antigens was not detectable on either surface of the plasma membrane. From absorption experiments with washed, whole cells of M. lysodeikticus, it was concluded that the immunogens on the protoplast surface were also detectable on the surface of the intact cell. However, some of the components such as the succinylated lipomannan appeared to be exposed to a greater extent than others. The cytoplasmic fraction from M. lysodeikticus was used as an antigen source to generate antibodies, and 97 immunoprecipitates were resolvable by crossed immunoelectrophoresis. In the cytoplasm-anticytoplasm reference immunoelectrophoresis pattern of precipitates, three of the immunoprecipitates unique to the cytoplasmic fraction were identifiable by zymogram staining procedures as catalase (EC 1.11.1.6), isocitrate dehydrogenase (EC 1.1.1.42), and polynucleotide phosphorylase (EC 2.3.7.8). The identification of membrane and cytoplasmic antigens (including the above-mentioned enzymes) provides a sensitive analytical system for monitoring cross-contamination and antigen distribution in cellular fractions.
Crossed immunoelectrophoresis of Triton X-100-solubilized plasma membranes of Micrococcus lysodeikticus established the presence of 27 discrete antigens. Individual antigens were identified as membrane components possessing enzyme activity by zymogram staining procedures and by reactivity of certain antigens with a selection of four lectins in the crossed-immunoelectrophoresis (immunoaffinoelectrophoresis) system. Absorption experiments with intact, stable protoplasts and isolated membranes established the asymmetric nature of the M. lysodeikticus plasma membranes. Of the 14 antigens with determinants accessible solely on the cytoplasmic face of the membrane, four possessed individual dehydrogenase activities, and a fifth was identifiable as a component possessing adenosine triphosphatase (EC 3.6.1.3) activity. Evidence from absorption studies with isolated membranes suggested that antigens such as the adenosine triphosphatase complex were more readily accessible to reaction with antibodies than was succinate dehydrogenase (EC 1.3.99.1), for example. Twelve antigens were located on the protoplast surface as determined by antibody absorption, and the succinylated lipomannan was identified as a major antigen. At least five other antigens possessed sugar residues that interacted with concanavalin A. With the antisera generated to isolated membranes, there was no evidence suggesting that any of these antigens was not detectable on either surface of the plasma membrane. From absorption experiments with washed, whole cells of M. lysodeikticus, it was concluded that the immunogens on the protoplast surface were also detectable on the surface of the intact cell. However, some of the components such as the succinylated lipomannan appeared to be exposed to a greater extent than others. The cytoplasmic fraction from M. lysodeikticus was used as an antigen source to generate antibodies, and 97 immunoprecipitates were resolvable by crossed immunoelectrophoresis. In the cytoplasm-anticytoplasm reference immunoelectrophoresis pattern of precipitates, three of the immunoprecipitates unique to the cytoplasmic fraction were identifiable by zymogram staining procedures as catalase (EC 1.11.1.6), isocitrate dehydrogenase (EC 1.1.1.42), and polynucleotide phosphorylase (EC 2.3.7.8). The identification of membrane and cytoplasmic antigens (including the above-mentioned enzymes) provides a sensitive analytical system for monitoring cross-contamination and antigen distribution in cellular fractions.
Crossed or two-dimensional immunoelectrophoresis (CIE) is a high-resolution procedure that is particularly suitable for the immunochemical analysis of complex mixtures of antigens such as solubilized membrane fractions and cell cytoplasmic components. The basic feature of the CIE procedure (2, 11, 17) involves electrophoresis of antigen fractions in agarose gels (mo- tons) in the first direction; the separated antigens are retained on the plate in a strip of agarose, and the remaining portion of the gel is removed and replaced by casting agarose gels containing antibodies (purified immunoglobulins) to the antigen fractions. The (14, 28) . In this way the molecular architecture of the membrane can be successfully investigated (6, 14, 25) .
Studies in our laboratory have been directed towards an understanding of the structure-function relationships existing in the membrane system of the gram-positive organism Micrococcus lysodeikticus (30, 32) . The enzyme adenosine triphosphatase has been located on the inner, cytoplasmic face of the plasma membrane by both '251-labeling with lactoperoxidase or '25ICI and by the ferritin-labeled antibody method of immunoelectron microscopy (23, 30) . Moreover, our preliminary CIE study has revealed that 8 of the 17 discrete antigens observed for plasma membranes of this organism could be shown by absorption experiments to be exposed on the protoplast surface (i.e., outer surface of the membrane). Five of the antigens that were not detectable on the protoplast membrane surface were shown by zymogram staining to possess enzyme activity (25) . The (24, 27) . For the preparation of plasma membranes, M. lysodeikticus cells washed and suspended in 50 mM tris(hydroxymethyl)aminomethane (Tris)-hydrochloride buffer (pH 7.5) to give a suspension containing approximately 50 mg (dry weight) per ml were treated with lysozyme (100 /ug/ml) for 45 min at 30°C to remove the cell walls. Deoxyribonuclease (10 jtg/ml) was added to the total cell lysate to reduce the viscosity, and the plasma membranes were then sedimented by centrifugation at 38,000 x g for 50 min at 0°C. "Standard" plasma membrane fractions were prepared by six consecutive washes of the membrane deposits with 50 mM Tris-hydrochloride buffer (pH 7.5) by centrifugation and resuspension (24, 27) . Methods for the preparation of washed-cell suspensions and protoplast suspensions have been described in detail elsewhere (24, 27) . A soluble cytoplasmic fraction was obtained from washed protoplasts of M. lysodeikticus (25) by osmotic lysis (24) and centrifugation at 39,000 x g for 30 min. The supernatant fraction was then centrifuged at 150,000 x g for 1 h to remove residual membrane fragments and concentrated to 22.6 mg of protein per ml by ultrafiltration in an Amicon cell with a PM-10 filter. The concentrated cytoplasmic fraction was then dispensed into 50-pl portions and stored at -70°C until required for further use.
Preparation of Triton X-100 extracts of plasma membranes. Plasma membranes were adjusted to either 40 or 20 mg (dry weight) per ml and extracted with 4% (wt/vol) Triton X-100 as previously described (25) . The 17,500 xgsupernatant extract was distributed into 50-,ul portions and stored at -70°C until use.
Preparation of antisera. Antiserum to "total" membranes (i.e., plasma and mesosomal membranes) was raised in a rabbit as described by Owen and Salton (25) , and antiserum to the soluble cytoplasmic fraction was raised similarly. Sera from at least five consecutive bleedings were pooled, and immunoglobulins were partially purified by precipitation with (NH4)2SO4 and dialysis against acetate buffer, pH 5.0 (13) . After subsequent dialysis against 0.1 M NaCl containing 15 mM NaN:1, the antibody preparations were concentrated by ultrafiltration to about one-tenth of the original serum volume.
Absorption of antimembrane sera with whole cells. Concentrated immunoglobulins (6.5 ml) were dialyzed against two changes of 50 mM Tris-hydrochloride (pH 7.5) containing 0.1 M NaCl, and the final volume was adjusted to 9.0 ml. Portions (1.7 ml) were incubated for I h at 22°C with 0 to 3.0 ml of a cell suspension (E",nm = 10) and sufficient buffer to give a final volume of 6.0 ml. Cells were then removed by centrifugation at 12,000 x g for 15 min, and immunoglobulins in the supernatant fluids were precipitated by the addition of solid (NH4)2SO4 to 5067c saturation. Final volumes were adjusted to 4.0 ml after dialysis of the precipitated immunoglobulins against 0.1 M NaCl containing 15 mM NaNW.
Absorption of antimembrane sera with protoplasts. The method for obtaining antimembrane serum that had been progressively absorbed with increasing amounts of stable protoplasts has been described in detail elsewhere (25) .
Absorption of antimembrane sera with isolated membranes. Concentrated immunoglobulins (2.0 ml) were dialyzed against two changes of 50 mM Tris-hydrochloride (pH 7.5), and the final volume was adjusted to 6.2 ml. Portions (1.0 ml) were incubated for 1 h at 22°C with 0 to 1.0 ml of a plasma membrane suspension (22.7 mg [dry weight] per ml) and sufficient buffer to give a final volume of 2.0 ml. Membranes were removed by centrifugation at 12,000 x g for 30 min, and supernatant fractions were dialyzed against 0.1 M NaCl containing 15 mM NaN:. Because of the small volumes of antiserum in this absorption experiment, reprecipitation and dialysis of immunoglobulins were omitted and the resultant antiserum was used directly without further fractionation.
Preparation of lectins. Wheat germ agglutinin was purified from raw wheat germ as described by Kahane et al. (16) , soybean agglutinin was purified from raw soybeans by the method of Nachbar and Oppenheim (20) , ricin agglutinin was purified from raw castor beans by the method of Nicolson and Blaustein (22) , and Ulex agglutinin I was purified from gorse seeds as described by Matsumoto and Osawa (19) . Concanavalin A (3x crystallized and lyophilized) was purchased from Miles-Yeda Laboratory and used without further purification.
Quantitative immunoelectrophoretic techniques. The methods for performing CIE, CIE with intermediate gel, and crossed immunoaffinoelectrophoresis in the presence of Triton X-100 have been described in detail elsewhere (2, 25, 34) . In all crossed immunoaffinoelectrophoresis experiments, lectins were included in the affinity gel at a final concentration of 1 mg/ml. During tests of absorbed antisera, the progress of absorption was monitored by measuring peak heights of the individual antigens on millimeter-ruled graph paper. Under normalized conditions of electrophoresis and antigen loading, the peak heights of immunoprecipitates should be proportional to the area subtended by those immunoprecipitates and thus be a reflection of the antibody concentration. (25) . Other enzyme-active immunoprecipitates were located by incubating pressed immunoplates individually in the following incubation mixtures (20 ml): (i) isocitrate dehydrogenase (EC 1.1.1 .42)-tetranitroblue tetrazolium, 6 mg; 0.1 M sodium isocitrate (pH 7.5), 2.0 ml; 0.1 M KCN, 1.0 ml; nicotinamide adenine dinucleotide phosphate, 4 mg; MnCl2 H20, 4 mg; phenazine methosulfate, 0.5 mg; and 0.1 M Tris-hydrochloride (pH 7.0), 17 .0 ml (incubation was continued at 22°C for 10 to 15 min); (ii) catalase (EC .11.1.6)-3%c H202, 1.0 ml; 0.6 M Na2S203 5H20, 1.4 ml; 0.1 M Tris-hydrochloride (pH 7.0), 2.0 ml; and water, 15.6 ml (incubation was continued at 22°C for 15 min, followed by immersion of gels in 20 ml of 45 mM KI until the background was light blue [about I min]); (iii) polynucleotide phosphorylase (EC 2.3.7.8)-adenosine 5'-diphosphate, 125 mg; 0.1 M MgSO4, 2.5 ml; 27I (wt/vol) Pb(NO:j)2, 1.5 ml; and 0.1 M Tris-hydrochloride (pH 7.5), 17.0 ml (incubation was continued at 37°C for 3 h, and gels were pressed, washed, and finally developed with 0.1% [wt/vol] Na2S).
The methods outlined by Uriel (35) were followed in attempts to detect precipitates having the following enzyme activities: glucose 6-phosphate dehydrogenase (EC 1.1.2.49), alanine dehydrogenase (EC 1.4.1.1), glutamate dehydrogenase (EC 1.4.1.2), lipase (EC 3.1.1.3), alkaline phosphatase (EC 3.1.3.1), acid phosphatase (EC 3.1.3.2), chymotrypsin (EC 3.4.21.1), and trypsin (EC 3.4.21.4). The method described by Smyth et al. (34) was used in an attempt to detect immunoprecipitates possessing lactate dehydrogenase activities (EC 1.1.1.27), and those described by Uriel (35) or by Brogren and B0g-Hansen (10) were used to detect esterase-active immunoprecipitates. Location of immunoprecipitates possessing muralytic enzyme activity was attempted by overlaying pressed immunoplates with an agarose gel (about 2 mm thick) made by mixing equal volumes of 2%S (wt/vol) agarose and a sonically dispersed suspension of isolated M. lysodeikticus cell walls in 50 mM Tris-hydrochloride (pH 7.5) at a concentration of 10 mg (dry weight) of wall per ml. Incubation was continued in a humid atmosphere at 37°C for several weeks.
After zymogram development, gels were routinely rinsed with distilled water, pressed, and washed twice with 0.1 M NaCl before final pressing and air drying. Gels stained for catalase had to be rapidly air dried after background color development to retain a sharply defined, negatively stained image.
Chemical procedures. Protein was determined by the method of Lowry et al. (18) , with bovine serum albumin as the standard.
Chemicals. All chemicals were obtained from standard commercial sources and were used without further purification.
RESULTS
Reference CIE pattern for plasma membranes. For a detailed analysis of a complex mixture of antigens such as those present in detergent-solubilized membranes of M. lysodeikticus, it was necessary to perform CIE over a wide range of antigen and antibody concentrations. This analysis has been performed with four different plasma membrane preparations, and the number of resolvable immunoprecipitates totaled 27 discretely separated antigens. A schematic diagram showing the relative positions and intensities of all 27 immunoprecipitates numbered in order of decreasing electrophoretic mobility of their peak maxima is shown in Fig. 1 . The most common immunoprecipitates found in the preliminary study (25) and the present investigation appear unchanged in relative height and staining intensity. Differences observed in the intensities and peak heights of some, notably no. 4 and 21, appear to reflect an increased antibody titer in later serum pools, since their peak heights in the four different membrane preparations were fairly similar when tested against any one serum pool (cf. Fig. 3A and 5A). However, peak heights of other antigens, such as no. 1 and 10, varied considerably between different membrane preparations. This phenomenon may either reflect differences in the efficiency of extractions or be due to minor variations in the methods of membrane preparation.
Most of the additional 10 precipitates detected in the present study stained weakly and could only be readily observed either at relatively high antigen loadings (e.g., no. 12, 15, 22, and 27) or at relatively low antigen loadings (e.g., no. 9, 23, and 24; see Fig. 2A) (Fig. 2B) . A curious feature of antigen 8 was its occasional tendency to appear resolved as more than one immunoprecipitate ( Fig. 2A) . This multiplicity, when evident, was more noticeable towards the cathodal half of the precipitate, all ramifications of the basic immunoprecipitate fusing at or before the extreme anodal foot. This phenomenon is reminiscent of the multiplicity of precipitates induced by plasmin (7) and consistently observed for spectrin during CIE of solubilized erythrocyte membranes (4, 6, 9) . However, the multiplicity observed for precipitate 8 in the present study was unaffected by inclusion into the antibody gel of the protease inhibitor Trasyol at a final concentration of 1,000 J/mil (7) . Absorption of antimembrane serum with stable protoplasts. Absorption of antimembrane serum with increasing volumes of stable protoplasts of M. lysodeikticus has established that four antigens (no. 12, 15, 23, and 24) of the additional 10 immunoprecipitates resolved in this study have determinants exposed on the protoplast surface, together with the eight (no. 1 to 5, 7, 17, and 18) previously found (and reconfirmed). The surface location of antigen 26 was not conclusively determined due to its unpredictable behavior.
Absorption of antimembrane serum with membranes. Absorption of antimembrane serum with increasing volumes of washed membranes would be expected to reduce antibodies directed against immunogens exposed on either the outer protoplast surface or the inner, cytoplasmic face of the membrane. Absorption of antibody directed against any membrane surface component will be reflected by an increase in the area under that immunoprecipitate, since the area is proportional to the antigen-antibody ratio (2) for a constant amount of antigen subjected to electrophoresis. Conversely, antibodies directed against membrane immunogens that are not present on either face of the membrane should be unaffected by absorption, resulting in immunoprecipitates of constant area. Figure 3 (A to E) demonstrates that all detectable antigens were affected by absorption and that membrane immunogens (apart from the uncertainty of no. 26) have their determinants accessible on either or both membrane surfaces.
One of the most interesting features of the absorption experiments was that antibodies to the various antigens showed distinctly different rates of absorption and removal (Fig. 3A to E  and 4) . Thus, for example, antibodies to the succinylated lipomannan (antigen 18, Fig. 3A ) were readily absorbed, and absorption was almost complete, as shown in Fig. 3B in the initial absorption. Immunoglobulins to antigens 4, 5, and 11 (adenosine triphosphatase) were also readily absorbed, whereas those to antigens 10 (NADH) dehydrogenase) and 20 were removed much less readily (Fig. 3A to E and 4) .
Absorption of antimembrane serum with (19, 22, 33) . Both ricin and soybean agglutinins appeared to absorb antigen 14, whereas neither wheat germ nor Ulex agglutinin had any observable effects on any of the antigens in the plasma membrane reference pattern. Many of the weaker immunoprecipitates (such as no. 12, 22, 24, and 27) were rather difficult to detect except under optimized conditions, and, due to the limited availability of both lectins and antisera, it has been impossible to document completely all of the reactions in these affinity experiments. Reference CIE precipitin pattern for the cytoplasmic fraction. CIE of the cytoplasmic antigen fraction under conditions of varying antigen and anticytoplasm fraction concentrations has resolved at least 97 distinct immunoprecipitates. The complexity of the system is illustrated in Fig. 7A . Two discrete immunoprecipitates can be shown by zymograms to possess NADH dehydrogenase activities (Fig. 8A) , one immunoprecipitate possessing isocitrate dehydrogenase activity (Fig. 8B) and two others possessing polynucleotide phosphorylase activity (Fig. 8C ) and catalase activity (Fig. 8D) (Fig. 7B) . One of these stained for NADH de- hydrogenase, and another appeared to have no counterpart in the reference gel (Fig. 7A) . Electrophoretic profiles and zymogram staining suggest that they correspond to antigens 10 and 18, respectively, in the plasma membrane reference pattern presented in Fig. 1 Triton X-100 extract of plasma membranes. Antimembrane serum was absorbed with (A) 0 ml, (B) 0.25 ml, (C) 0.5 ml, (D) 1.5 ml, and (E) 3.0 ml of washed cells as described in the text, and the immunoglobulin fractions were incorporated into agarose gels (95 pl/ml). Membrane protein (47 ug) was analyzed by CIE in all instances. Areas under immunoprecipitates 4 and 18 (among others) increased at different rates upon absorption. Precipitates 6, 8 to 11, 13, 14, 16, 19 to 22, 25 , and 27 appear to be unaffected by absorption (see Fig. 1 ). Anode to left and top. (b) , and (c) contain antlcytoplasm serum (9.5 ,ll/ml), concentrated antimenmbrane ser-um (13. 2 1/llnil), aond agarose alone, respectively. Similar amounts (118 , of protein) of concentrated cytoplasmic antigen oere subjected to CIE in both instances. In (A), NADH dehydrogenase (i and ii), isocitrate dehvdrogenase (iii), polynucleotide phosphorylase (it.), an(l catalase (L) are indicated (see Fig. 8 (9.5 Hl/ml). Gels were subsequently stained for (A) NADH dehydrogenase, (B) isocitrate dehydrogenase, (C) polynucleotide phosphorylase, and (D) catalase. Enzymatically stained gels could be subsequently counterstained with Coomassie brilliant blue to confirm their identity in the reference pattern (Fig. 7A) . Parts of an overlapping precipitate within the heavily staining NADH dehydrogenase peak appear stained due to nonspecific absorption of the enzyme stain or nonspecific entrapment of enzyme (unnumbered arrow in A). Anode to left and top.
sibly seven appear to possess sugar residues interacting with concanavalin A, thus suggesting a protoplast surface rich in antigens possessing carbohydrate residues, a feature shared with most mammalian cells (33) . The asymmetry of this membrane structure was further emphasized by the detection of a membrane antigen (no. 14) that was detectable only on the cytoplasmic face of the membrane and was reactive with both ricin and soybean lectins. The presence of such a glycoprotein antigen (apparently possessing galactosyl and/or N-acetyl-D-galactosaminyl residues) on the inner face of the membrane is intriguing and worthy of further investigation. None (Fig. 3A to E) .
These investigations do not permit the identification of antigens (transmembrane) with determinants exposed on both faces of the membrane. Further detailed investigations would be needed to specifically identify such immunogens by labeling techniques, proteolytic cleavage of surface exposed antigens, or absorption experiments with homogeneous populations of insideout membrane vesicles (a goal not yet achieved for any membrane system; 32). Moreover, the present studies have not explored the possible existence of immunogens totally buried within the membrane. However, it should be noted that absorption with isolated membranes may remove antibodies to antigens exposed along mem-brane fracture surfaces should these develop during membrane isolation (14) . All of these possibilities would require further exploration.
An interesting feature of the absorption experiments with whole membranes was that antibodies to some immunogens were absorbed at different rates. This is contrary to the findings of Johansson and Hjerten in a study of Acholeplasma laidlawii membrane antigens (14) . It could be argued that our findings reflect differing concentrations and antigenicities of the various membrane immunogens in our system. However, it is difficult to accept this explanation since antibodies to antigen 8 were absorbed some six times less readily than those to antigen 11, and both antigens appeared to be equally immunogenic. It seems probable that differential rates of antibody absorption could in part reflect the relative accessibilities of the antigens in the membrane. It is significant that antigen 11, antibodies to which are readily absorbed, has been characterized as adenosine triphosphatase, an enzyme peripherally located on the membrane of M. lysodeikticus and releasable by osmotic shock treatment (23, 30) . In contrast, antibodies to antigen 8 were absorbed relatively slowly, and this antigen was identified as succinate de- hydrogenase, an enzyme firmly associated with membrane fragments after extraction with sodium deoxycholate (31) . Furthermore, in a CIE study of mouse liver plasma membranes, Gard et al. (12) found evidence that certain membrane antigens became more fully "expressed" after removal of other membrane components.
Absorption experiments with whole cells revealed a differential removal of antibodies to some membrane immunogens. This may also reflect their relative accessibilities on the cell surface, a possibility supported by the observations that the succinylated lipomannan (antigen 18) , antibodies to which are absorbed relatively rapidly (Fig. 6 ), appears to be secreted into the medium during the late logarithmic phase of growth (27) in a manner analogous to that of lipoteichoic acid of other bacterial species (15) . The other major antigens of the protoplast surface (no. 4 and 17) do not appear to share the same degree of exposure and may be located closer to the membrane surface.
The cytoplasmic-anticytoplasmic -reference system revealed a complex pattern of immunoprecipitates markedly different from that observed for plasma membranes, a reflection of the variety and distribution of functions between these two cellular compartments. The fact that the enzymes catalase, polynucleotide phosphorylase, and isocitrate dehydrogenase can be shown by zymogram techniques to be localized in the cytoplasmic fraction attests both to the specificity of the zymogram reactions and to the cell fractionation procedures. All three enzymes have previously been shown to be localized largely in the cytoplasm of M. lysodeikticus (21) .
From CIE experiments with intermediate gels, some components, notably no. 10 (NADH dehydrogenase) and no. 18 (succinylated lipomannan), partition between both cytoplasm and plasma membrane fractions. NADH dehydrogenase activity has been detected previously in both fractions by direct enzyme assay (21) . Of the three NADH dehydrogenase enzymes detected for M. lysodeikticus, one (no. 13) appears to be largely membrane associated, one (antigen i in Fig. 8A ) appears to be largely cytoplasmic, and one (no. 10) distributes between both fractions (Fig. 7) . One form of the membrane-associated mannan can also be readily removed from the membrane (27) and may be solubilized to some extent during protoplast rupture used in separating cytoplasmic fractions. This low-molecular-weight polysaccharide (27) proved to be a very poor immunogen in the purified state, only displaying immunogenicity in the membrane-bound form (28) ; this could explain why antigen 18 was only observed in the cytoplasmic antigen fraction when antimembrane serum was used in the intermediate gel. The cytoplasmicanticytoplasmic reference system thus provides a valuable adjunct to membrane antigen studies in which distributions in cell fractions can be studied with the intermediate gels, and crosscontamination and monitoring of membrane isolation can be followed.
The studies presented in this article and elsewhere have led to a fuller understanding of the asymmetrical distribution of membrane proteins (23, 30) and phospholipids (3) of this bacterial membrane system and will ultimately broaden our knowledge of membrane structure-function relationships in procaryotic cells.
